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SWITCH ILLUMINATING EL SHEET AND ILLUMINATED SWITCH AND ELECTRONIC 

APPARATUS USING THE SAME 

Technical Field 

5 [0001] The present invention relates to a switch illuminating EL 
sheet used for illumination of a switch such as a key switch, and 
an illuminated switch and an electronic apparatus using the same. 

Background Art . 

10 [0002] In a mobile communication apparatus such as a cellular phone , 
PDA and the like, a CD player, an MD player, a small tape recorder, 
a remote control switch, or a small electric /electronic apparatus 
mounted on a motor vehicle, illumination of a switch portion (such 
as a key top portion) of a key switch is performed. As a light source 

15 for such an illuminated switch in which a key top portion of a key 
switch is illuminated, generally a light bulb or an LED is adopted. 
[0003] For the illuminated switch, a structure having a key top, 
a switch mechanism portion such as a metal dome switch, a substrate 
and an LED as a light source is generally used. Incidentally, for 

2 0 mobile communication apparatuses such as a cellular phone and PDA, 
there is a strong demand to make a key switch thinner, and therefore 
a LED cannot be arranged under a key top. Accordingly, a common 
structure is such that an LED is arranged at a separate position 
from a key top and a switch mechanism portion, and light from the 

25 LED is diffused to illuminate the key top portion indirectly from 
the periphery. However, since the conventional illumination 
structure is not illumination from immediately under the key top, 
there are problems such that it is difficult to illuminate the key 
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top portion evenly with adequate brightness, and that the structure 
becomefs thick. 

[0004] In this aspect, it is proposed to use an EL sheet having 
an electroluminescence (EL) element for the light source of an 
5 illuminated switch (for example, refer to patent documents 1 and 
2 ) . The EL sheet is a plane-like light source and has characteristics 
such that it is excellent for saving space due to its light weight, 
thinness and high flexibility in shape, and further it has low power 
consumption. Thus, the EL sheet can be arranged directly between 
10 the key top and the metal dome switch. According to an illuminated 
switch using such an EL sheet, it becomes possible to illuminate 
a key top from immediately under it. 

[0005] As described above, the EL sheet is considered to be 
effective as an illumination light source for a key switch. However, 

15 according to results of experiments and considerations conducted 
by the present inventors, it is revealed that conventional EL sheets 
have weak points such as failure to illuminate after a short period 
of time due to keystroke stress from a key top, and malfunction of 
a switch and impairment of clicking feeling (feeling of pressing 

20 a switch) due to the stiffness of the EL sheet. 

[0006] In a conventional EL sheet, generally, a film made by 
depositing or applying ITO (indium tin oxide) on a polyester film 
with a thickness of 75 \xmor: larger is used as a transparent electrode 
film. A deposited film of ITO has high light transmittance and high 

25 conductivity, but also has defects such as breaking easily by 

extension /contract ion or increasing its electric surface resistance 
due to mechanical stress or heat. Accordingly, it is revealed that 
when the EL sheet is bent due to keystroke stress from a key top, 
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a crack is generated in an ITO electrode, which easily causes increase 
in resistance value, wire breakage and failure to illuminate. 
According to experiments conducted by the present inventor and others, 
by increasing the thickness of a base film of the ITO film, it is 
possible to suppress for a certain degree the failure of the EL sheet 
to illuminate, but in this case reliability and clicking feeling 
of the key switch are impaired. 

[0007] Also, the present inventors have considered of making a 
transparent electrode using transparent conductive paint made by 
dispersing transparent conductive powder such as ITO in insulative 
resin • When a transparent electrode layer is formed using ITO paint 
or the like, it is possible to suppress for a certain degree the 
failure of the EL sheet to illuminate, but due to the need of increasing 
thickness or burning in order to make the resistance value of the 
transparent electrode to be low resistance, an applied film thereof 
stiffens during drying and curling becomes large. Therefore, it 
is difficult to produce the EL sheet using a thin base material. 
Even when using a thin base material , the transparent electrode layer 
stiffens due to inclusion of inorganic particles such as ITO. It 
is found that all of these can be a cause of impairing the clicking 
feeling. Further, a problem also arises such that a black dot is 
often generated on the EL sheet during illumination in a high-humidity 
environment . 

[0008] By the way, in the aforementioned patent document 1, it 
is described that a s 1 it is formed at a pos it ion along an outer periphery 
of a metal dome switch of an EL sheet, thereby improving a clicking 
characteristic. Also, in the patent document 2, an illuminated 
switch is described in which a transparent electrode film, which 



is made by forming a transparent electrode layer on a base film, 
is formed in a dome shape, and an EL light emitting portion is formed 
inside a switch operating portion of this dome shape. Both of them 
use a deposited film of ITO for the transparent electrode layer, 
and thus problems such as wire breakage and increase in surface 
resistance due to the deposited film of ITO are not solved. 
[Patent Document 1] JP-A 2002-56737 (KOKAI) 
[Patent document 2] JP-A 2004-39280 (KOKAI) 



Disclosure of the Invention 

[0009] An object of the present invention is to provide a switch 
illuminating EL sheet capable of repetitively suppressing wire 
breakage and failure to light due to keystroke stress or the like 
without impairing reliability and clicking feeling of a key switch, 
when being used as an illumination light source or the like for a 
key switch. Further, another object of the present invention is 
to provide an illuminated switch in which wire breakage and failure 
to light due to keystroke stress or the like are suppressed without 
impairing reliability and clicking feeling, and an electronic 
apparatus using such an illuminated switch. 

[0010] A switch illuminating EL sheet according to the present 
invention is a switch illuminating EL sheet having a light emitting 
pattern corresponding to a switch, including a light emitting layer 
having EL phosphor particles which are contained dispersedly in a 
dielectric matrix, a transparent electrode layer arranged along a 
light emitting face of the light emitting layer and constituted of 
a conductive polymer, a transparent protection film arranged on the 
transparent electrode layer and having a thickness of 10 to 60 
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and a dielectric layer and a back electrode layer which are arranged 
in order along a non light emitting face of the light emitting layer. 
[0011] An illiiminated switch according to the present invention 
includes a switch illuminating EL sheet according to the present 
invention. The illuminated switch according to the present 
invention includes, for example, a switch mechanism portion, a key 
top portion which operates the switch mechanism portion, and the 
switch illuminating EL sheet arranged between the switch mechanism 
portion and the key top portion and illuminating the key top portion. 
Further, an electronic apparatus according to the present invention 
includes an illuminated switch according to the present invention. 

Brief Description of Drawings 

[0012] [FIG. 1] FIG. 1 is a cross-sectional view showing a 
configuration example of an illuminated switch using a switch 
illuminating EL sheet according to one embodiment of the present 
invention. 

[FIG. 2] FIG. 2 is a plan view seeing the switch illuminating EL 
sheet according to the one embodiment of the present invention from 
a non light emitting face side (back electrode side). 
[FIG. 3] FIG. 3 is a cross-sectional view taken along an A-A line 
in FIG. 2. 

Best Mode for Carrying out the Invention 

[0013] Hereinafter, an embodiment of the present invention will 
be described. FIG. 1 is a cross-sectional view showing a schematic 
structure of an illuminated switch using a switch illuminating EL 
sheet according to one embodiment of the present invention as a light 



source. FIG. 2 is a plan view seeing the switch illuminating EL 
sheet according to the one embodiment of the present invention from 
a non light emitting face side (back electrode side), and FIG. 3 
is a cross-sectional view taken along an A-A line in FIG. 2. 
[0014] In FIG. 1, 1 denotes a key top portion having a pressing 
pro jectionportion 2 , and corresponding to respective key top portions 
1, metal dome type switch mechanism portions 3 are arranged. The 
switch mechanism portions 3 each have a dome type movable contact 
point 4 and a fixed contact point 6 arranged on a substrate 5. Then, 
by pressing the movable contact point 4 by the pressing projection 
portion 2 of a key top portion 1, the switch mechanism portion 3 
is turned on/off, and also clicking feeling is obtained. 
[0015] Between the key top portions 1 and the switch mechanism 
portions 3 as described above, a switch illuminating EL sheet 7 is 
arranged as a light source for illuminating the key top portions 
1. The EL sheet 7 has, as shown in FIG. 2 and FIG. 3, a structure 
of layering a transparent protection film 8 , a transparent electrode 
layer 9, a light emitting layer 10, a dielectric layer 11, and a 
back electrode layer 12 in order from a light emitting face side. 
In other words, on a light emitting side main face (light emitting 
face) of the light emitting layer 10, the transparent protection 
film 8 with the transparent electrode layer 9 being formed on its 
surface is integrally layered and arranged. The transparent 
electrode layer 9 is arranged in contact with the light emitting 
layer 10. 

[0016] Also, on a non light emitting side main face (non light 
emitting face) of the light emitting layer 10, the dielectric layer 
11 is formed by layering, in which inorganic oxide powder having 



high ref lexivity and a high dielectric constant such as Ti02 or BaTiOa 
for example is diffused and contained into organic macromolecules 
having a high dielectric constant such as cyanoethyl cellulose or 
fluorine rubber. Furthermore, the back electrode layer 12 is formed 
5 by layering integrally via the dielectric layer 11. Also, on the 
back electrode layer 12, a back insulation layer 13 is formed by 
layering as necessary. By integrally forming the back insulation 
layer 13 with the EL sheet 7 , a component such as the switch mechanism 
portion 3 is electrically insulated from the EL sheet 7 , and also 
10 damage to the back electrode layer 12 due to keystroke stress can 
be reduced. 

[0017] The switch illuminating EL sheet 7 has a light emitting 
portion pattern corresponding to the key top portions 1 . 
Specifically, among the respective constituting layers of the EL 

15 sheet 7, the transparent electrode layer 9, the light emitting layer 
10 and the dielectric layer 11 have a shape corresponding to the 
pattern of light emitting portions 14. The back electrode layer 
12 is formed integrally of electrode portions 12a corresponding to 
the shape of each light emitting portion 14 and power supply wires 

20 12b connecting these light electrode portions 12a, as shown in FIG. 
2. To the power supply wire 12b for the back electrode, a first 
power supply terminal 15 is connected. The transparent electrode 
layer 9 having the shape corresponding to the light emitting portions 
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14 are connected by a power supply wire 16, and to this power supply 
25 wire 16 for transparent electrodes, a second power supply terminal 
17 is connected. The surface of the power supply wire 16 for 
transparent electrodes is covered by an insulation layer 18 as shown 
in FIG. 1. 
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[0018] The transparent electrode layer 9 is constituted of a 
conductive polymer having translucency . A specific example of the 
conductive polymer constituting the transparent electrode layer 9 
is a polymer whose main constituent is at least one type selected 
5 from polyacethylene^ polyphenylene, polyphenylene vinylene^ 

polyphenylene acetylene, polypyrrole, polythiophene, polyethylene 
dioxythiophene, polyaniline, and the like. Paint including such 
a conductive polymer is applied on a surface of the transparent 
protection film 8 and dried to form the transparent electrode layer 

10 9. Especially, an applied film of polyethylene dioxythiophene 

(PEDOT) - polystyrene acid (PSS) , which are a complex of conductive 
macromolecules , is excellent in conductivity and translucency, and 
thus is preferable for the transparent electrode layer 9. 
[0019] The transparent electrode layer 9 constituted of a 

15 conductive polymer as described above are excellent in durability 
against mechanical stress, so that occurrence of wire breakage, 
failure to light or the like due to keystroke stress can be largely 
suppressed. However, it cannot be said that it always has sufficient 
conductivity and light transmittance as compared to the ITO film 

2 0 (having for example surface resistance of 300 Q/D, light 

transmittance of 85% or higher) applied to a transparent electrode 
of a conventional EL sheet. When applying the conductive polymer 
to the transparent electrode layer 9, its light transmittance can 
be increased by thinning its thickness , but it easily causes decrease 

25 in reliability with respect to film breakage due to keystroke stress , 
local increase in conductivity, and so forth. 

[0020] Accordingly, for increasing the reliability of the switch 
illuminating EL sheet 7, it is preferable that the transparent 
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electrode layer 9 has a mean thickness of 0 . 1 Min or larger and surface 
resistance of 1000 Q/D or lower. It is more preferable that the 
mean thickness of the transparent electrode layer 9 is 1 tun or larger. 
Also^ in order not to impair reliability, clicking feeling and so 
5 forth of a key switch, it is preferable that the mean thickness of 
the transparent electrode layer 9 is 5 jom or smaller. 
[0021] When the mean thickness of the transparent electrode layer 

9 is made larger, its light transmittance becomes, for example, lower 
than 80% . The decrease in the light transmittance of the transparent 

10 electrode layer 9 may cause decrease in the light emitting luminance 
of the EL sheet 7. Then, as will be described in detail later, it 
is preferred to be used in combination with the light emitting layer 

10 having a high-luminance EL phosphor ( electric field light emitting 
phosphor) . Using the transparent electrode layer 9 constituted of 

15 a conductive polymer in combination with the high-luminance EL 
phosphor, excellent luminance for key switch illumination can be 
obtained. Specifically, under driving conditions of a voltage of 
100 V and a frequency of 400 Hz, liaminance of 50 cd/m^ or higher 
can be realized. Thus, practical problems such as enlargement of 

20 a drive power supply, decrease in operating life due to increase 
in output power, and inability to obtain practical luminance can 
be avoided. 

[0022] For the transparent protection film 8 to be a base material 
for forming the transparent electrode layer 9 , a single film or layered 
25 films of polyethylene terephthalate(PET) , polyethersulf one (PES), 
polyimide, nylon, f luoropolymer , polycarbonate, polyur ethane rubber 
and the like, which are general purpose macromolecule films having 
excellent mechanical strength, can be used. Here, the thickness 



of the transparent protection film 8 is crucial to have both durability 
against keystroke stress and flexibility affecting the clicking 
feeling or the like. Specifically, the transparent protection film 
8 may have a thickness in the range of 10Mmto60Mm. If the transparent 
protection film 8 has a thickness smaller than 10 \m, the wire breakage 
due to keystroke stress or the failure td light cannot be suppressed 
repetitively . On the other hand, if the transparent protection film 
8 has a thickness larger than 60 \m, the clicking feeling is impaired. 
( 0023 ] According to experimental results by the present inventors , 
when a PET film having a thickness of 9 is used, film breakage 
easily occurs by keystroke stress of less than one million times. 
This causes a dot defect or the like. On the other hand, when a 
PET film having a thickness of 12 \m is used, minute defects occur 
but it exhibits a sufficient function as illumination for a key switch 
even after the number of keystrokes exceeded one million times . With 
a PET film having a thickness of 25 f>im, film breakage does not occur 
even after the number of keystrokes exceeded one and a half million 
times. On the other hand, if the thickness of the transparent 
protection film 8 becomes too large, its stiffness increases and 
disturbs the clicking feeling as a key switch . With a PET film having 
a thickness of 63 inm, sufficient clicking feeling is not obtained. 
From these facts, it is preferable that the thickness of the film 
8 is 10 nm to 60 im, and more preferably, 20 \m to 40 im, 
[0024] The transparent electrode layer 9 constituted of a 
conductive polymer are made as paint and applied on the 
above-described transparent protection film 8. At this time, for 
the reasons such as bend due to dimensional accuracy or applied film 
contraction, workability or the like, it is preferable that the 
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thickness of the applying base material is 50 \m or larger. With 
this regard, for example, a thin EL sheet having excellent clicking 
feeling can be obtained as follows. Specifically, a transparent 
film having a releasing characteristic is formed by printing on a 
5 thick base material film, the conductive polymer made as paint is 
applied thereon to form the transparent electrode layer, and another 
layer is formed further thereon to produce the EL sheet . Thereafter, 
the base material film is peeled off. However, an EL sheet made 
by such a method breaks easily because it is formed of a thin resin 
10 coating, and thus has a problem in durability and practicability. 
Also, when adhering a key top, a switch part or the like or when 
forming a color filter, sufficient adhering strength cannot be 
obtained. 

[0025] Accordingly, it is preferable to use, as the application 
1 5 base material , one made by adhering a thick base material film ( having 
a thickness of 50 (xm or larger for example) on the transparent 
protection film 8 having a thickness of 60 ^m or smaller via a light 
adhesive layer. Using such an adhered film as the application base 
material, facilities for conventional EL manufacturing processes 
20 can be used . In this manner, a difficult production technology owing 
to film thinness or expensive equipment such as a thin film printing 
apparatus , dryer, and conveying mechanism are not necessary, whereby 
it is possible to suppress increase in manufacturing costs of the 
switch illuminating EL sheet 7. After the EL sheet 7 is produced, 
25 the base material film can be peeled off to prevent impairment of 
clicking feeling or the like. 

[0026] Further, in a process of combining with parts such as a 
key top, a switch and so forth, the EL sheet having a thickness smaller 
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than 50 nmmay be a hindrance to mass production due to its difficulty 
for handling and poor efficiency. Introducing it into a production 
process with the light adhesive base material film being adhered 
thereon in a range not impairing the clicking feeling can provide 
5 means for simple integration. Moreover^ the transparent protection 
films itself may beconstitutedof layers of twoormorebasematerials . 
Using such a transparent protection film 8 constituted of layers 
of two or more base materials, the adhesive layer and the plural 
base materials function as a buffer layer for hitting, so that the 

10 hitting durability can be increased further. 

[0027] When the transparent protection film 8 is constituted of 
layers of two or more base materials , each base material is not limited 
to a macromolecule material. For example, layered films made by 
forming a metal oxide layer of silicon oxide (SiOx)/ aluminum oxide 

15 (AlOx) , titanium oxide (TiOx) , or the like or a metal nitride layer 
of silicon nitride (SiNx), aluminum nitride (AlN), or the like on 
the macromolecule films as described above can be used. The metal 
oxide layer and the metal nitride layer function as a damp proof 
layer. Therefore, using the transparent protection film 8 having 

20 such a layer, reliability of the transparent electrode layer 9 
constituted of a conductive polymer having relatively low 
high-humidity environment characteristics can be increased. 
[0028] The conductive polymer forming the transparent electrode 
layer 9 has relatively weak adhesiveness to a resin film such as 

25 polyester, and thus film peeling may occur due to keystroke stress. 
In this aspect, by adding an easy-adhesion layer to the transparent 
protection film 8, adhesive strengths of the transparent electrode 
layer 9 constituted of the conductive polymer and the transparent 
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protection film 8 increase. This prevents film peeling due to 
keystroke stress, and thus the reliability can be further improved. 
In the case of providing a pigment filter or the like for converting 
luminescent color, the same effect can be obtained. Further, by 
5 performing easy-adhesion processing on both sides of the transparent 
protection film 8 in advance, coating strength is enhanced in the 
case of performing filter printing or the like, and it is not necessary 
to consider distinction of processing faces, which improves the 
productivity . 

10 [0029] The light emitting layer 10 formed on the transparent 
protection film 8 having the transparent electrode layer 9 contains 
EL phosphor particles as an electric field light emitting source. 
As the EL phosphor particles , it is preferable to apply a ZnS-based 
phosphor such as a copper-activated zinc sulfide (ZnS:Cu) phosphor 

15 emitting blue or blue green color for example, a copper-activated 
zinc sulfide ( ZnS : Cu , Cl ) phosphor further containing a minute amount 
of chlorine as flux, or the like. Such EL phosphor particles are 
arranged dispersedly in a dielectric matrix constituted of an organic 
macromolecule material having a high dielectric constant such as 

20 cyanoethyl cellulose or fluorescent rubber for example. In other 
words, the light emitting layer 10 is a phosphor layer of an organic 
dispersion type in which EL phosphor particles constituted of an 
inorganic material is dispersedly arranged in a dielectric matrix 
constituted of an organic material. 

2 5 [0030] Incidentally, the EL phosphor particles constituting the 
light emitting layer 10 , specifically the ZnS :Cu phosphor particles , 
are vulnerable to moisture, and has a weak point to easily deteriorate 
in its characteristics (luminance and the like) by moisture in the 
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air. Accordingly, it is preferable to use for the light emitting 
layer 10 an EL phosphor particle covered by a substantially 
transparent damp-proof coating, a so-called damp-proof coated EL 
phosphor particle. As the damp-proof coating for an EL phosphor 
particle, a metal oxide film, a metal nitride film or the like is 
used for example . The type of the metal oxide film is not particularly 
limited, and it is preferable that at least one kind selected from 
silicon oxide, titanium oxide, and aluminum oxide in view of 
damp-proof characteristic, light transmitting characteristic, 
insulation characteristic , and so forth . Also , examples of the metal 
nitride film include silicon nitride, aluminum nitride, and the like . 
[0031] It is preferable that the damp-proof coating constituted 
of a metal oxide film, a metal nitride film or the like is formed 
by applying a chemical vapor deposition (CVD) method in view of 
evenness of the film, manufacturing costs and so forth. Especially, 
in view of deterioration in Ivmiinance of the EL phosphor due to heat, 
f ilm-formability on a powder surface in a fluid state, and further 
environmental safety and the like during mass -product ion, it is 
desirable to use a material that does not explode or burn and use 
a reaction system having high reactivity at a low temperature (200''C 
or lower) . Examples of such a reaction system include SiCl4 + 2H2O 

^ SiOz + 4HC1, TiCl4 + 2H2O ^ TiOz + 4HC1, and the like. The film 
thickness of the damp-proof coating is preferred to be in the range 

of 0.1 fim to 2 pm as its mean thickness. 

[0032] The deterioration of an EL phosphor due to moisture can 
also be prevented by covering the entire EL sheet 7 with a damp-proof 
film (polychloro-tetraf luoroethylene film or the like) . However, 
it thickens the entire EL sheet 7 , and impairs reliability and clicking 
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feeling of a key switch. On the other hand, using the damp-proof 
coated EL phosphor particle, it is possible to suppress deterioration 
of characteristics of the EL phosphor due to moisture without using 
a damp-proof film or a moisture absorption film. Specifically, 
5 applying the light emitting film 10 containing the damp-proof coated 
EL phosphor particleis as the switch illuminating EL sheet 7, it is 
possible to suppress the deterioration of characteristics of the 
EL phosphor due to moisture without thickening the entire EL sheet 
7. 

10 [0033] Further, it is preferable to use a high-luminance EL phosphor 
for the light emitting layer 10 as described above, in order to 
compensate the deterioration of light transmittance of the 
transparent electrode layer 9 constituted of a conductive polymer. 
Specifically, it is preferable to use the transparent electrode layer 

15 9 constituted of a conductive polymer and the light emitting layer 
10 containing high-luminance EL phosphor particles in combination. 
Here , the ZnS-based EL phosphor is generally made by burning a phosphor 
material under conditions such that crystals of copper-activated 
zinc sulfide grow sufficiently. A mean particle diameter of such 

20 ZnS-based EL phosphor particles is approximately 25 |um to 35 ^im. 
With an EL phosphor applying such a method, it is becoming difficult 
to increase formability, flexibility, hitting durability , luminance 
and so forth to demanded levels when forming the EL sheet 7 . 
[0034] On the other hand, in US patent publication No. 5643496, 

25 an EL phosphor constituted of a ZnS:Cu phosphor with a mean particle 

diameter of 23 \m or smaller is disclosed. This small-particle EL 

phosphor is obtained by controlling manufacturing conditions 

( burning condition and so forth ) of the EL phosphor without conducting 
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manipulation such as sifting. The above publication describes that 
reduction in particle size of the EL phosphor improves luminance 
and an operating life characteristic of the EL element or the like 
using it. However, an EL sheet formed using such a small-particle 
EL phosphor obtained by controlling only manufacturing conditions 
cannot always achieve sufficient luminance. This is due to the fact 
that the small-particle EL phosphor for which only manufacturing 
conditions are controlled may result in deterioration of its own 
luminance characteristic . 

[0035] Accordingly, it is preferable to perform a classification 
operation or the like on phosphor particles produced with ordinary 
burning conditions and use EL phosphor particles from which coarse 
phosphor particles are removed. Specifically, it is preferable to 
use EL phosphor particle powder which have a mean particle diameter 
of 10 Jim to 23Min represented by a 50% D value by removing coarse 
phosphor particles (coarse particle constituents) by a 
classification operation or the like, and also have"^ a particle 
distribution having a ratio of constituents having a particle diameter 
of 25.4 urn or larger is 30% or less by mass. With an EL phosphor 
having such a mean particle diameter and a particle size distribution, 
since it can increase the number of EL phosphor particles per unit 
volume in the light emitting layer 10, it is possible to increase 
not only the luminance of the light emitting layer 10 but also improve 
formability, flexibility, hitting durability and so forth of the 
EL sheet 7 . 

[0036] If the mean particle diameter of the EL phosphor particles 
is smaller than 10 nm, it is possible that the light emitting luminance 
of the EL phosphor particles themselves decreases. On the other 
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hand, if the mean particle diameter of the EL phosphor particles 
exceeds 23 \m, the number of EL phosphor particles per unit volume 
in the light emitting layer 10 decreases, and it is possible that 
the luminance of the light emitting layer 10 itself decreases. The 
5 same applies to a case that the ratio of constituents having a particle 
diameter of 25.4 ^m or larger exceeds 30% by mass. It is more 
preferable that the mean particle diameter of the EL phosphor 
particles is in the range of 13 to 20 |uim. Further, it is more 
preferable that the ratio of constituents having a particle diameter 

10 of 25.4 or larger in the EL phosphor particles is 15% or lower 
by mass. A high- luminance EL phosphor satisfying the 
above-described conditions has luminance of 80 cd/m^ or higher under 
drive conditions of a voltage of 100 V and a frequency of 400 Hz, 
when an EL element is produced using a transparent electrode having 

15 for example light transmittance of 85% or higher and surface 
resistance of 500 Q/0 or lower for example. 

[0037] Moreover, when the transparent protection film 8 which is 
thin is used, it is possible that the transparent electrode layer 
9 constituted of a conductive polymer and the transparent protection 

20 film 8 are damaged by corners of coarse phosphor particles to thereby 
generate dots. Also, the conductive polymer may deteriorate in a 
short period of time when a current density during driving becomes 
high in a high-hximidity environment. The coarse phosphor particles 
easily lead to concentration of electric fields at a contact point 

25 with the conductive polymer, and thus it may cause deterioration 
of the conductive polymer and generation of black dots by that . Also 
from such view points, it is preferable to use the EL phosphor having 
the mean particle diameter of 23 ^im or smaller and the ratio of 



constituents having a particle diameter of 25.4 jjun or larger being 
30% or lower by mass. 

[0038] When the above-described EL phosphor particle constituted 
of a ZnSrCu phosphor is applied to the light emitting layer 10, 
generally its emitting light color becomes blue or blue green. For 
the purpose of converting such emitting light color, a pigment such 
as an organic phosphor pigment may be added to the light emitting 
layer 10. However, when a pigment is added to the light emitting 
layer 10 by high concentration, its moisture absorption rate becomes 
high, which makes the resistance value of the transparent electrode 
layer 9 constituted of a conductive polymer liable to rise in a 
high-temperature, high-humidity environment. Accordingly, the 
pigment layer is preferred to be formed on one face or both faces 
of the transparent protection film 8 . With such a structure, emitting 
light color of the light emitting layer 10 can be converted efficiently 
with high reliability. 

[0039] Further, other than the purpose of converting the emitting 
light color of the light emitting layer 10 , a pigment layer for example 
as a light diffusion layer for changing appearing color may be formed. 
For example, by adding a light diffusion layer with a white pigment, 
unevenness in application of the transparent electrode layer 9 
constituted of a conductive polymer and the light emitting layer 
1 0 can be made obscure . The conductive polymer can be colored strongly 
and easily generates unevenness in application by screen printing 
or the like. Also, the light emitting layer 10 may cause roughness 
in emitting color in a case of lowering a phosphor density, or the 
like, so as to give priority to thinning the thickness. The light 
diffusion layer mitigates these influences and contributes to 
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improvement of appearance and quality thereof. 

[0040] The pigment layer may be arranged between the transparent 
electrode layer 9 and the light emitting layer 10. When adopting 
such a structure , it is preferable to form the pigment layer by applying 
5 paint made by mixing a pigment with a highly adhesive binder on the 
transparent protection film 8 having the transparent electrode layer 
9. With such a pigment layer, in addition to a conversion effect 
of emitting color and appearing color, an effect to increase 
adhesiveness of the transparent protection film 8 having the 
10 transparent electrode layer 9 and the light emitting layer 10 can 
be obtained. 

[0041] When forming the pigment layer as described above, typical 
paint including a pigment often has a solid content ratio (mass ratio ) 
of the pigment exceeding 50% in order to decrease the number of times 

15 of printing. When using paint having a high pigment ratio, it becomes 
liable to absorb moisture, and therefore may lead to decrease of 
the resistance value of the conductive polymer. Also, when the 
pigment ratio is high, a film quality becomes porous and lacks 
smoothness, and therefore the surface resistance of the transparent 

20 electrode layer 9 formed by printing thereon may rise to 2000 Q/D 
or higher for example, whereas 1000 Q/D or lower can be obtained 
by forming on a smooth film by 200-mesh printing. Then, it is 
preferable that the pigment layer is formed using paint including 
a pigment with a compounding ratio of the pigment (mass ratio of 

25 the solid content) being 50% or lower. In this manner, even when 
a pigment layer is used as a base for the transparent electrode layer 
9, it is possible to suppress increase in resistance value of the 
transparent electrode layer 9. 



( 0042 ] I n the EL s heet 7 us ing the above-described damp-proo f coat ed 
EL phosphor particles, the back electrode layer 12 is foimed by 
applying metal powder such as Ag powder or Cu powder, carbon powder 
such as graphite powder, or mixed powder thereof or the like. 
Specifically, the light emitting layer 10 is formed by applying it 
on the transparent protection f ilm 8 having the transparent electrode 
layer 9, the dielectric layer 11 and the back electrode layer 12 
are formed further by applying them in this order on the light emitting 
layers 10, and thereafter this layered body is integrated by thermo 
compression bonding or the like, thereby producing the switch 
illuminating EL sheet 7 . Note that when forming the back insulation 
layer 13 on the back electrode layer 12, it is preferable that the 
back insulation layer 13 is formed by application on the back electrode 
layer 12 in the same application forming step. 

[0043] For the structure of such a switch illuminating EL sheet 
7 other than the respective constituting layers, a structure similar 
to a typical EL sheet may be adopted. Further, regarding the power 
supply wires 12b connecting the electrode portions 12a corresponding 
to the shape of the light emitting portions 14 of the back electrode 
layer 12 and the power supply wire 16 connecting the transparent 
electrode layer 9 having a shape corresponding to the light emitting 
portions 14 , it is preferable to form more than two systems of wires . 
The power supply wires 12b for the back electrode and the power supply 
wire 16 for the transparent electrode, which are shown in FIG. 2, 
are both have two systems of wires. With such a structure, even 
when increase in resistance value, wire breakage or the like occurs 
on one of the two systems due to bending caus ed by formation or keystroke , 
hitting stress, or the like, it is possible to suppress failure of 
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the EL sheet 7 to light. Thus^ the reliability of the switch 
illuminating EL sheet 7 can be increased further . Moreover , if having 
two or more independent light emitting portion patterns, it is also 
possible to independently light each light emitting portion by two 
or more systems of wires. 

[0044] Further, for improvement of keystroke durability or the 
like of the switch illuminating EL sheet 7 , a soft pad constituted 
of polyurethane resin or the like having a thickness of 2 to 50 
jjon for example may be arranged at a position corresponding to the 
center of a light emitting portion 14 on at least either of a front 
face or a back face of the EL sheet 7 . Arranging such a pad improves 
absorption efficiency of keystroke stress or the like, and therefore 
the reliability of the switch illuminating EL sheet 7 can be increased 
further. The arranging position of the pad may be between the 
transparent protection film 8 and the transparent electrode layer 
9 or between the back electrode layer 12 and the back insulation 
layer 13, and the pad can be arranged at ether or both of them. 
[ 0045 1 In the switch illuminating EL sheet 7 of the above-described 
embodiment , a conductive polymer having excellent durability against 
keystroke stress or the like is used for the transparent electrode 
layer 9 , and a transparent protection film 8 which has both flexibility 
and a keystroke durability characteristic is used. Accordingly, 
the switch illuminating EL sheet 7 that is excellent in keystroke 
durability and does not impair reliability and clicking feeling of 
a switch can be provided. Further, using the transparent electrode 
layer 9 constituted of a conductive polymer and the light emitting 
layers 10 containing high-luminance EL phosphor particles in 
combination, it is possible to compensate decrease in light 
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transmittance of the transparent electrode layer 9, and thus the 
luminance characteristic of the EL sheet 7 can be maintained 
sufficiently. Specifically, in the case of using the damp-proof 
coated EL phosphor particle, luminance of 50 cd/m^ or higher can 
be obtained under drive conditions of a voltage of 100 V and a frequency 

of 400 Hz. 

[0046] According to the switch illuminating EL sheet 7 as such, 
the key tops 1 can be illuminated evenly with sufficient luminance 
from immediately under them, andmoreover, durability and reliability 
of an illuminated switch can be improved largely. The switch 
illuminating EL sheet 7 in this embodiment is preferable as a light 
source for an illuminated switch combining a key top portion 1 and 
a metal dome type switch mechanism portion 3 . The illuminated switch 
using the switch illuminating EL sheet 7 is used preferably for example 
in a mobile communication apparatus such as a cellular phone or PDA, 
for which there are strong demands for thinning of key switches. 
[0047] Examples of electronic apparatuses according to the 
embodiment of the present invention include a mobile communication 
apparatus such as a cellular phone and PDA having illuminated switches 
using the switch illuminating EL sheet 7. It should be noted that 
the range of application of the switch illuminating EL sheet according 
to the present invention is not limited to an illuminated switch 
having a metal dome type switch mechanism portion, and the present 
invention is applicable to various types of illuminated switches 
which illviminate a switch portion such as a key top from immediately 
under it . Also , such an apparatus applying the illuminated switch 
is not limited to the electronic apparatus such as a mobile 
communication apparatus, and it is applicable to various types of 
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electric /electronic devices. 

[0048] Next, specific examples of the present invention and 
evaluation results thereof will be explained. 
Example 1 

5 [0049] First, a ZnS-based EL phosphor was produced as follows. 
Specifically, 1 L (liter) of pure water was added to 100 g of zinc 
sulfide powder having a particle diameter of approximately 1 jjim to 
3 fm to make slurry, to which 0.25 g of copper sulfate (5 hydrates) 
and 40 g of magnesium chloride, 40 g of barium chloride, 20 g of 
10 sodium chloride were added as crystal growth agents ( flux) and mixed 
them adequately. This slurry mixture was dried, filled in a quartz 

crucible and burned for four hours at a temperature of 1150°C in 
the air. 

[0050] Next, the above-described burned matter was subjected to 
15 washing and drying processing, and thereafter 15 g of zinc oxide 
was mixed per 300 g of the burned matter, and this mixture was filled 
in a quartz crucible and burned for 1.5 hour at a temperature of 

750''C in the air. This burned matter was dispersed into pure water 
and washed three times. Further, acid washing with a condition of 

20 pH = 1.5 and neutralizing washing with pure water were performed, 
and it was filtered, dried and thereafter sifted with a 325-mesh 
sifter to obtain a ZnS : Cu phosphor ( El phosphor ) . Also , this phosphor 
includes a minute amount of chlorine which is used as flux. 
[0051] A particle distribution of the ZnS:Cu phosphor obtained 

25 in this manner was measured using a particle analyzer (made by BECKMAN 
COULTER, Inc., product name: Multisizer TM3). Results thereof are 
shown in Table 1 . From these measurement results of the particle 
distribution, a 50% D value was obtained as a mean particle diameter, 
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and the 50% D value of the ZnSrCu phosphor powder was 26.3 urn. Also, 
a ratio of coarse particle constituents having a particle diameter 
of 25.4 |iin or larger was 54.5% by mass. Note that Table 1 also shows 
the particle distribution of a ZnS:Cu phosphor produced in 
5 later-described example 3. 
[0052] [Table 1] 



Particle diameter 

■V* O T\ /^^^ f 1 iTfl \ 

xTangtr \ \iux ) 


Particle ratio (%) 




Examole 3 


X.DO/ — ^•UUU 


0.0 


0.0 


2.000 - 2.519 


0.0 


0.0 


2.519 - 3.174 


0.0 


0.0 


3.174 - 3.999 


0.0 


0.0 


3.999 - 5.039 


0.0 


0.0 


5.039 - 6.349 


0.0 


0.0 


6.349 - 7.999 


0.1 


0.1 


7.999 - 10.08 


0.3 


0.7 


10.08 - 12.70 


1.5 


5.1 


12.70 - 16.00 


5.5 


18.8 


16.00 - 20.16 


13.0 


32.1 


20.16 - 25.40 


25.1 


28.8 


25.40 - 32.00 


32.7 


11.5 


32.00 - 40.32 


18.4 


2.3 


40.32 - 50.80 


2.2 


0.6 


50.80 - 64.00 


1.2 


0.0 


64.00 - 


0.0 


0.0 


50 % D value (nm) 


26.3 


19.3 



[0053]. On the surface of the above-described ZnS:Cu phosphor 
particle, a titanium oxide film was formed and further a silicon 

10 oxide was formed for damp-proof processing. This damp-proof coated 
ZnS:Cu phosphor particle was used to produce a switch illuminating 
EL sheet as follows. First, as a transparent protection film, a 
PET film (madeby Toray, product name: Lumirror SIO) having a thickness 
of 12 |jm was prepared, and a base material film having a light adhesive 

15 layer (made by Lintec Corporation, product name: PT125, thickness: 
140 |uun (including a light adhesive layer)) was affixed thereon to 



form an application base material . On a transparent protection film 
of this application base material (affixation base material), a 
transparent conductive polymer (made by AGFA, product name: P3040) 
was applied by screen printing and dried. In this manner, a 
transparent electrode layer was formed having a thickness of 2 to 
4 fim, surface resistance of 500 to 800 Q/D, and light transmittance 
of 60% to 70%. 

[0054] Next, on the above-described damp-proof coated ZnStCu 
phosphor, EL binder paint (made by Dupont, product name: 7155N), 
was mixed so that a binder mass ratio thereof was 1 .5 times by amount, 
thereby preparing EL phosphor paint. This EL phosphor paint was 
applied by screen printing on the transparent protection film having 
the above-described transparent electrode layer and dried to form 
a light emitting layer (phosphor layer). On this light emitting 
layer, EL dielectric paint (made by Dupont, product name: 7153N) 
was applied by screen printing and dried to form a dielectric layer. 
Further, a conductive paste (made by Dupont, product name: Carbon 
Paste 7152) was applied by screen printing and dried to form a back 
electrode layer. Thereafter, insulation paint (made by Dupont, 
product name: UV CURE INK 5018) was applied and dried to thereby 
produce a switch illuminating EL sheet. This switch illuminating 
EL sheet was subjected to later-described characteristics 
evaluation . 
Excunple 2 

[0055] Similarly to the above-described example 1 , first a ZnS :Cu 
phosphor having a 50% D value of 26 . 3 Mm was produced . This phosphor 
powder was re-sif tedby a 500-mesh sifter to obtain a target EL phosphor . 
The particle distribution of this EL phosphor (ZnS:Cu phosphor) was 
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measured similarly to the example 1 . When a 50% D value was obtained 
as a mean particle diameter from results of this particle distribution 
measurement, the 50% D value was 22.9 \Am. Also, a ratio of coarse 
particle constitutes having a particle diameter of 25.4 \mor larger 
5 was 29-6% by mass. Except using this EL phosphor (ZnS:Cu phosphor) , 
a switch illuminating EL sheet was produced similarly to the example 
1 . This switch illuminating EL sheet was subjected to the 
later-described characteristics evaluation. 
Example 3 

10 [0056] Similarly to the above-described example 1 , first a ZnS:Cu 
phosphor having a 50% D value of 26 . 3 |im was produced. This phosphor 
powder was re-siftedby a 635-meshsifter to obtain a target EL phosphor. 
The particle distribution of this phosphor (ZnS:Cu phosphor) was 
measured similarly to the example 1. Results of the particle 

15 distribution measurement are as shown in Table 1 . When a 50% D value 
was obtained as a mean particle diameter from results of this particle 
distribution measurement, the 50% D value was 19 . 3 |jm. Also, a ratio 
of coarse particle constitutes having a particle diameter of 25.4 
|jin or larger was 14 .4% by mass . Except using this EL phosphor ( ZnS :Cu 

20 phosphor), a switch illuminating EL sheet was produced similarly 
to the example 1. This switch illuminating EL sheet was subjected 
to the later-described characteristics evaluation. 
Example 4 

[0057] Similarly to the above-described example 1, first a ZnS:Cu 
25 phosphor having a 50% D value of 21.5 jjun was produced. This phosphor 
powder was re-s if ted by a 63 5-mesh sifter to obtain a target EL phosphor . 
The particle distribution of this phosphor (ZnSrCu phosphor) was 
measured similarly to the example 1 . When a 50% D value was obtained 
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as a mean particle diameter from results of this particle distribution 
measurement^ the 50% D value was 13.2 \m. Also, a ratio of coarse 
particle constitiates having a particle diameter of 25.4 or larger 
was 3.6% by mass. Except using this EL phosphor (ZnS:Cu phosphor) , 
a switch illuminating EL sheet was produced similarly to the example 
1. This switch illuminating EL sheet was subjected to the 
later-described characteristics evaluation. 
Example 5 

[0058] Based on conditions described in examples in the 
aforementioned US patent publication No. 5 643 4 96, a small-particle 
EL phosphor (ZnS:Cu phosphor) was produced. This small-particle 
EL phosphor was not subjected to sifting, but was made to be small 
particles by controlling burning conditions. Burning conditions 
are such that a first burning is at 1160"C for 3.7 hours, and a second 
burning temperature is at 730^C. The mean particle diameter (50% 
D value) of this small-particle EL phosphor was 23 \m, and the ratio 
of coarse particle constituents having a particle diameter of 25.4 
fjunwas 36% by mass. Except using this EL phosphor (ZnS:Cu phosphor) , 
a switch illuminating EL sheet was produced similarly to the example 
1. This switch illinninating EL sheet was subjected to the 
later-described characteristics evaluation. 
Example 6 

[0059] Except using a PET film having a thickness of 24 ^m for 
the transparent protection film and using the EL phosphor (ZnS:Cu 
phosphor) produced in the above-described example 3, a switch 
illuminating EL sheet was produced similarly to the example 1 . This 
switch illuminating EL sheet was subjected to the later-described 
characteristics evaluation. 

27 



( • 



a 



Example 7 

[0060] Except using a PET film having a thickness of 50 \m for 
the transparent protection film and using the EL phosphor (ZnS:Cu 
phosphor) produced in the above-described example 3, a switch 
5 illuminating EL sheet was produced similarly to the example 1 . This 
switch illuminating EL sheet was subjected to the later-described 
characteristics evaluation. 
Example 8 

[0061] Except that an application thickness of the conductive 
1 0 polymer is smaller than 1 \Am and using the EL phosphor ( ZnS : Cu phosphor ) 
produced in the above-described example 3, a switch illuminating 
EL sheet was produced similarly to the example 1. This switch 
illuminating EL sheet was subjected to the later-described 
characteristics evaluation. 
15 Example 9 

[0062] Except providing two systems of power supply wires to the 
back electrode and the transparent electrode in the above-described 
example 6, a switch illuminating EL sheet was produced similarly 
to the example 6. This switch illuminating EL sheet was subjected 
20 to the later-described characteristics evaluation. 
Example 10 

[0063] Firsts a PET film having a thickness of 24 nm subjected 
to easy-adhesion processing was used as a transparent protection 
film, and a base material film having a light adhesive layer (PET 
25 film having a thickness of 125 \m) was affixed thereon to produce 
an application base material. On the other hand, to 100 parts by 
mass of a dye filter paint binder (made by Teikoku Ink, product name: 
000 Medium) , 22 parts by mass of phosphor pigment (made by Sinloihi, 
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product name: FA005) was added, mixed and dispersed to prepare dye 
filter paint. This dye filter paint was applied by screen printing 
on the transparent protection film of the application base material 
(affixation base material) and dried to form a dye filter layer. 
[0064] On the above-described dye filter layer, a transparent 
conductive polymer (made by AGFA, product name: P3040) was applied 
by screen printing and dried . In this manner , a transparent electrode 
layer was formed having a thickness of 2 to 4 Mm, surface resistance 
of 500 to 800 Q/D, and light transmittance of 60% to 70%. Except 
using this transparent protection film having the dye filter layer 
and the transparent electrode layer and using the EL phosphor ( ZnS :Cu 
phosphor) produced in the above-described example 3, a switch 
illuminating EL sheet was produced similarly to the example 1 . This 
switch illuminating EL sheet was subjected to the later-described 
characteristics evaluation. 
Example 1 1 

[0065] Except arranging pads having a diameter of 6 mm and a 
thickness of 2 to 50 fjtm on a transparent protection film on an 
EL sheet surface in the above-described example 1, a switch 
illuminating EL sheet was produced similarly to the example 1. The 
pads were arranged respectively at center portions of a light emitting 
portion pattern corresponding to switches . This switch illuminating 
EL sheet was subjected to the later-described characteristics 
evaluation. 
Example 12 

[0066] On a transparent protection film (made by Toppan, product 
name: GX film) having a thickness of 12 \m and subjected to damp-proof 
processing, a base material film having a light adhesive layer (PET 
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film having a thickness of 125 m) was affixed to make an application 
base material . Except using this application base material , a switch 
illuminating EL sheet was produced similarly to the example 3 . Note 
that a back insulation layer was formed such that a protection film 
(made by Toppan, product name: GX film) having a thickness of 12 
^m with a hot melt (made by Mitsui-Dupont Polychemical , product name: 
EEA) being applied thereon was affixed by laminating by means of 
thermo rolling. This switch illuminating EL sheet was subjected 
to the later-described characteristics evaluation. 
Comparative Example 1 

[0067] Except using a PET film having a thickness of 9 for the 
transparent protection film, a switch illuminating EL sheet was 
produced similarly to the example 3. This switch illuminating EL 
sheet was subjected to the later-described characteristics 

evaluation. 
Comparative Example 2 

[0068] Except using a PET film having a thickness of 63 \m for 
the transparent protection film, a switch illuminating EL sheet was 
produced similarly to the example 3. This switch illuminating EL 
sheet was subjected to the later-described characteristics 

evaluation. 
Comparative Example 3 

[0069] First, ITO (indium tin oxide) was deposited on a polyester 
film having a thickness of 75 f.tm to produce a transparent electrode 
film. The transparent electrode layer constituted of an ITO 
deposition film had a thickness of 0.1 \m or smaller, surface 
resistance of approximately 300 Q/D, and light transmittance of 
85% or higher. Except using this transparent electrode film (ITO 
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film) f a switch illuminating EL sheet was produced similarly to the 
example 3. This switch illuminating EL sheet was subjected to the 
later-described characteristics evaluation. 
[0070] Initial luminance, clicking feeling and keystroke 
5 durability of the switch illuminating EL sheets of the above-described 
examples 1 to 12 and comparative examples 1 to 3 were measured and 
evaluated as follows. Constitutions of the respective EL sheets 
are shown in Table 2. Further, characteristics evaluation results 
of the respective EL sheets are shown in Table 3 . Then, measurement 

10 of thicknesses of respective films and applied film thicknesses were 
conducted as follows . On a support table arranged vertically with 
respect to a measurement table made of stainless steel, a Digimatic 
Indicator (made by Mitutoyo, product name: ID-cll2B) was set and 
a sample to be measured was horizontally placed statically on the 

15 measurement table, and thereafter a probe was silently lowered to 
the table as a measurement origin and film thickness measurement 
was performed five times. Regarding thicknesses of the films, a 
mean value of three times was taken as a measurement value excluding 
a largest value and a smallest value. Applied film thicknesses were 

2 0 shown in ranges of respective measurement values . Mean applied film 
thicknesses were measured siaiilarly to the thicknesses of the films . 
[0071] Regarding initial luminance of an EL sheet, the EL sheet 
was lighted under conditions of a voltage of 100 V and a frequency 
of 400 Hz in a dark place of 10 lux or lower at room temperature 

25 in a normal humidity, and one minute later its luminance was measured 
by a colorimeter CS-1 00 made by Minolta , which was taken as the initial 
luminance. Regarding the keystroke durability, an impact test of 
the center of a light emitting portion was performed with a condition 
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of 3N, 180 times /minute using an ABS resin stick having a diameter 
of 1,5 mm with an edge being processed by radius of 0.1 mm, and the 
impact test was repeated until the impact position breaks or 
abnormality occurred in emitting light, thereby performing 
5 evaluation by the number of impacts thereof. 

[0072] Regarding the clicking feeling, a probe having a diameter 
of 1.5 mm is contacted on the center of a particular metal dome and 
weight was applied vertically to click it, thereby taking clearness 
of clicking feeling when pushing and returning as the standard for 

10 clicking feeling. Similarly, a change in clicking feeling when an 
EL panel was placed on a metal dome was evaluated by sensitivity 
in the order of fewness of deterioration such that "A" = clicking 
feeling did not change, ''B" = clicking feeling did not change largely, 
"C" = clicking feeling was heavy and deterioration was sensed, and 

15 "D" = clicking feeling was deteriorated and not sensed. 
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[0075 J AS is clear from Table 3^ the comparison example 1 using 
the transparent protection film having a thickness smaller than 10 
fjun is excellent in clicking feeling, but the transparent protection 
film was broken by impact tests of one million times or less. 
5 Considering clicking feeling and a mounting space, a light emitting 
portion that is as thin as possible is desirable, but it can be 
seen that the transparent protection film having a thickness smaller 

than 10 easily breaks, and thus cannot satisfy required 
characteristics for hitting durability. In the comparison example 

10 2 using a transparent protection film having a thickness larger than 
60 urn, durability of three million times can be assured by the impact 
test, but it can be seen that the clicking feeling decreases and 
thus not suitable for practical use. The EL sheet of the example 
3 using an ITO electrode exhibited luminance as high as 100 cd/m , 

15 but it can be seen that it cannot obtain clicking feeling and keystroke 
durability required for a switch. 

[0076] On the other hand, the EL sheets of the examples 1 to 12 
are all excellent in clicking feeling and also capable of obtaining 
the durability of at least one million times by the impact test. 

20 In other words , the EL sheet of the example 1 is excellent in clicking 
feeling, and although a non light emitting portion like a minute 
black dot is seen in a keystroke portion by one million times of 
keystroke tests, it did not stands out in appearance in practical 
use, thereby obtaining even light as the illximination source of a 

25 key switch. Also, in the examples 2 to 4, and 6 to 9 in which coarse 
phosphor particles are removed by sifting to control the mean particle 
diameters to be in the range of 10 to 23 [iin and the ratio of coarse 
particle constituents having a particle diameter of 25 . 4 jun or larger 



> I 

I 



10 



15 



to be 30% or less by mass 

/ can be seen that the ^^^„,^ i . 
°f power supply „,res are f„«heri. ''^^'^'''^""^^^^yste^s 
- ^-P.e .„ - — e reU,MU... 

'l.eplg»a„tleyer. Theex«pleUh. ^^'^""-"'-^^i on 

- - p.. r: :r::r"^"^^""^-^— 

tests were performed with driv ' ^^^^^ing 

~"^^-"°-"--erea..,e..,ee o. ; 

- long in hi,n-te.perat„re . • *° 

«ure, hrg,-h„i,i,y en„lron^„. 
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"""1 «^ - -itch iu™i„a,i„„, 3, 

—.on, „.en ^i„, ^^e. as a iiil " — 

- a .e. s„i.e.. „i.e Ja^ T"" - - 

- -ys.ro.e stress or the ii,e ea Te ^""^ " ''""^ *^ - 

.eiia.iii, an. cii eCrilT"'"""^ 
--ore, t.e swit. iii^l^" I ^ ^""^'^ 
P"3eat invention is e«ective as a ii '"^ 
-.ten. .nrther, t.e iu^ina.e. s„it ""^^ ^" 
^ --tion .an .e ,,,„„^^ ^-^"^ to tne present 

="*in, .eeiin,, and so .ort Z ^" ""-^"'^ 

lortn. Thus, thf^ I'n • 

-ordin, .0 tne present invention is e„ ""^ 
electrio/eiectronic apparatuses. " "^^^"^ 
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